contamination. The front and middle pages of magazines were analyzed separately.
Reagents
PFBOA was purchased from Hayashi Pure Chemical Inc. Ltd. (Osaka, Japan).
Aldehyde standards (10000 mg/L formaldehyde, acetaldehyde, propionaldehyde, iso-and n-butyraldehyde) were purchased from Kanto Kagaku (Tokyo, Japan), and gradually diluted with methanol to make stock solutions.
Acetone (pesticide analysis grade), MEK (reagent grade), and MIBK (reagent grade) were purchased from Kanto Kagaku (Tokyo, Japan), and diluted with methanol to 10000 mg/L solutions. A mixed ketone standard stock solution containing acetone (100 mg/L), MEK (100 mg/L) and MIBK (200 mg/L) was prepared by diluting the individual stock solutions with methanol. 4-Bromofluorobenzene (1000 mg/L) was purchased from Kanto Kagaku (Tokyo, Japan), and then diluted to 50 mg/L with methanol for use as the internal standard.
Methanol (pesticide analysis grade) and sodium chloride (special grade) were purchased from Kanto Kagaku (Tokyo, Japan).
Blank water
Commercial bottled mineral water, minimally contaminated with aldehydes and ketones, was selected and used as the blank water.
Instrument
A headspace auto-sampler (HS40XL, PerkinElmer, Inc., Shelton, CT, USA) was connected to a GC/MS (quadruple mass spectrometer, TruboMass, PerkinElmer, Inc., Shelton, CT, USA). The capillary column used was a Supelco PTE-5 (Supelco, Bellefonte, PA, USA) of 30 m length × 0.25 mm i.d. × 0.25 mm membrane thickness.
Sampling and GC/MS condition
Vials were warmed to 60˚C in the headspace auto-sampler. The sampling needle and transfer lines were set at 120˚C and 180˚C, respectively. Pressurized by helium for 1 min at 20 psi, the injection duration of the headspace was set at 0.08 min.
The ionization voltage was set at 70 eV and the ion source temperature at 200˚C (EI mode) or 150˚C (NCI mode); isobutane (99.99%) was used for CI analysis. The column temperature was first programmed at 60˚C (2 min), then at 7˚C/min to 150˚C, and finally at 20˚C/min to 200˚C.
The monitored ions for the selected ion monitoring (SIM) and retention times of the compounds are summarized in Table 1 .
Preparation of standard solutions and sample solutions
A standard solution was made by adding 10 mL of water, 1 µL of a standard stock solution, 1 µL of an internal standard, 0.6 mL of a PFBOA water solution (1 mg/mL), and 3 g of sodium chloride into a headspace vial, and then tightly sealed with a silicone rubber septum with PTFE, as shown in Fig. 1 . 12 Sample solutions were made by adding 50 -100 mg samples, 10 mL of water, 1 µL of an internal standard, 0.6 mL of a PFBOA water solution (1 mg/mL), and 3 g of sodium chloride into headspace vials, and then tightly sealed with a silicone rubber septa.
Results and Discussion
Reaction of aldehydes and ketones with PFBOA PFBOA derivatization makes compounds sufficiently volatile for GC analysis, because it contains five fluorine atoms. The condensation reaction (Fig. 2) in water. The reactivity of the carbonyl group in aldehydes and ketones depends on its location within the molecule, particularly those alkyl groups adjacent to the carbonyl. In general, for alkyl groups, the carbonyl group reactivity increases as the size of the alkyl group decreases. 13 Compounds with nitrile (C=N) groups form with syn and anti isomer derivatives for all carbonyl compounds, except for formaldehyde (R1 = H) and acetone (R2 = R3 = CH3). The separation and confirmation of these isomers require capillary column GC analysis. Figure 3 shows the separation of a mixture of five aldoximes of aldehydes and a mixture of three aldoximes of aliphatic ketones by the headspace GC/MS (NCI mode). As can be seen in the mass chromatograms in Fig. 3 , formaldehyde and acetone are detected as single peaks, whereas the other compounds are detected as two close peaks. 12, 14 It is important to note that the syn and anti isomers of isobutyraldoxime are very close each other.
Optimum reaction conditions for the condensation of PFBOA and ketones
The reaction of PFBOA and ketones is known to be slower than that with aldehydes. 15 In this study, the optimum reaction condition was searched by changing at reaction times and temperatures, including the following: 30, 70, 130, 180, 240, 300, and 360 min and at 20, 40, and 60˚C. The reaction was too slow at 20 and 40˚C. The reaction seemed to reach equilibrium in 4 h at 60˚C, as shown in Fig. 4 . The EI mode was employed and m/z 181 was monitored for all ketoximes in this study. Each area of MEK and MIBK was remarkably smaller than that of acetone in Fig. 4 , because the ion intensity of MEKketoxime and MIBKketoxime at m/z 181 was lower than that of acetoneketoxime by GC/MS (EI mode) and acetoneketoxime, which had a faster retention time in capillary GC analysis, and was detected more sensitively than the others. This condition was employed for subsequent experiments.
Comparison between NCI and EI mass spectra of PFBOA ketoximes
The mass spectra of EI were compared to that of NCI for PFBOA ketoximes (Figs. 5, 6 ). The EI mass spectra molecular -, and the pentafluorobenzyl ion at m/z 181. Such spectra have a small number of fragment ions that are typical of aldehydes, and are therefore useful for compound detection. In this study, no molecular ion peak was observed in the NCI spectrum of PFBOA ketoxime, but the pentafluorobenzyl ion at m/z 181 was strongly detected compared to the EI mode. It was therefore determined to be useful for highly sensitive analysis.
Calibration curves and detection limits for ketones
Calibration curves for ketones using the headspace GC/MS (SIM) are shown in Fig. 7 (EI mode) and Fig. 8 (NCI mode). Calibration curves were calculated from peak areas using the internal standard. The total peak areas of all isomers were used with the exception of acetone.
It is worth noting that acetone was detected even in blank water, and therefore the calibration curves did not go through the original point.
Using The determination limits and standard deviations of each compound given in Table 2 were defined according to "Method for determination of tetra-through octa-chlorodibenzo-pdioxins, tetra-through octa-chlorodibenzofurans and coplanar polychlorobiphenyls in industrial water and waste water (JIS K0312)." 16 The determination limits of ketones by headspace GC/MS (SIM) were acetone, 0.2 µg/L; MEK, 0.6 µg/L; MIBK, 1.2 µg/L, respectively, for the EI mode.
However, the determination limits by the NCI mode were acetone, 0.2 µg/L; MEK, 0.2 µg/L; and MIBK, 0.4 µg/L, respectively. The NCI mode is more sensitive, but the determination limit for acetone is similar. This is because acetone was detected in blank water. It is possible to reduce the determination limit for the NCI mode if the blank level is reduced.
Application to household products
Because it is important to investigate the source of compounds with carbonyl groups in indoor air to specify the cause of health problems, such as Sick Building Syndrome and Multiple Chemical Sensitivities, an analytical application of household products was performed. Although household products contain various chemicals, a highly sensitive, high selectively headspace GC/MS (NCI mode) could remove interferences, and was applied to aldehyde and ketone quantitative analysis. The method uses a small amount of samples (50 -100 mg), and can analyze up to the 0.01 µg/g level. Figure 9 shows the mass fragmetograms of aldehydes and ketones in household products. In Fig. 9 , m/z 181 was monitored as a quantitative ion of aldehydes in a magazine (sample No. 12) and m/z 233 was monitored as a qualitative ion of acetone in an adhesive (sample No. 6). Table 3 gives the results for the determination of ketones in household products. Acetone in the samples was detected within the level of N.D. -4.1 µg/g. However, MEK and MIBK were not detected in any of the samples examined. Table 4 gives the results for the determination of aldehydes in household products.
Ketones in household products

Aldehydes in household products
The formaldehyde contents in clothes and adhesives, among household products, are regulated in Japan in an effort to prevent skin damage from formaldehyde. 17 In the analyzed samples, formaldehyde was detected at the level of N.D. to 39 µg/g; acetaldehyde, N.D. to 4.1 µg/g; propionaldehyde, N.D. to 1.0 µg/g; and n-butyraldehyde, N.D. to 0.28 µg/g, while isobutyraldehyde was not detected.
Formaldehyde was detected from most of the samples, and it was confirmed that various household products contain formaldehyde. In printed materials, it was found that a significant amount of aldehyde was present: formaldehyde, 0.93 -11 µg/g; propionaldehyde, 0.05 -1.0 µg/g; and nbutyraldehyde, N.D. -0.28 µg/g, respectively. Printed materials are thought to be sources of these indoor aldehydes.
The source of formaldehyde in printed materials can be from both the ink and paper. The analysis of front pages of magazines showed formaldehyde at a level of 1.3 -1.9 µg/g (mean of 1.6 µg/g), whereas the middle pages showed a level of 0.93 -11 µg/g (mean of 6.02 µg/g).
Conclusions
We developed a rapid and sensitive microanalysis method for aldehydes and ketones in household products. The method includes headspace GC/MS with negative chemical ionization after derivatizing the carbonyl compounds with PFBOA, after eluting into water (60˚C). The headspace GC/MS (NCI mode) that employs PFBOA is a highly sensitive analytical method that resists influences by interfering substances present in large quantities in samples. Consequently, this technique was 
